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Introduction 


Neutrosophic set [1] grounded by Smarandache in 1998, is 
the generalization of fuzzy set [2] introduced by Zadeh in 1965 
and intuitionistic fuzzy set [3] by Atanassov in 1983. In 1999, 
Molodstov [4] introduced the soft set theory to overcome the 
inadequate of existing theory related to uncertainties. Soft set 
theory is free from the parameterization inadequacy syndrome 
of fuzzy set theory [2], rough set theory [5], probability theory 
for dealing with uncertainty. The concept of soft set theory 
penetrates in many directions such as fuzzy soft set [6-9], 
intuitionistic fuzzy soft set [10-13], interval valued intuitionistic 
fuzzy soft set [14], neutrosophic soft set [15-18], interval 
neutrosophic set [19,20]. In 2012, Jun et al. [21] introduced 
cubic set combining fuzzy set and interval valued fuzzy set. Jun 
et al. [21] also defined internal cubic set, external cubic set, 
P-union, R-union, P-intersection and R-intersection of cubic sets, 
and investigated several related properties. Cubic set theory is 
applied to Cl-algebras [22], B-algebras [23], BCK/BCl-algebras 
[24,25], KU-Algebras ([26,27], and semi-groups [28]. Using fuzzy 
set and interval-valued fuzzy set Abdullah et al. [29] proposed 
the notion of cubic soft set [29] and defined internal cubic soft 
set, external cubic soft set, P-union, R-union, P-intersection 
and R-intersection of cubic soft sets, and investigated several 
related properties. Ali et al. [30] studied generalized cubic soft 
sets and their applications to algebraic structures. Wang et al. 
[31] introduced the concept of interval neutrosophic set. In 
2016, Ali et al. [32] presented the concept of neutrosophic cubic 
set by combining the concept of neutrosophic set and interval 
neutrosophic set. Ali et al. [32] mentioned that neutrosophic 
cubic set is basically the generalization of cubic set. Ali et al. [32] 
also defined some new type of internal neutrosophic cubic set 
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(INCSs) and external neutrosophic cubic set (ENCSs) namely, 


1 2 2 1 : 
3 NCS (or ENCS),= INCS (or, ENCS). Ali et al. [32] also presented a 


numerical problem for pattern recognition. Jun et al. [33] also 
studied neutrosophic cubic set and proved some properties. In 
2016, Chinnadurai et al. [34] introduced the neutrosophic cubic 
soft sets and proved some properties. 


In this paper we discuss some new operations and new approach 
of internal and external neutrosophic cubic soft sets, and 
P-union, R-union, P-intersection, R-intersection. We also prove 
some theorems related to neutrosophic cubic soft sets. 


Rest of the paper is presented as follows. Section 2 presents 
some basic definition of neutrosophic sets, interval-valued 
neutrosophic sets, soft sets, cubic set, neutrosophic cubic sets 
and their basic operation. Section 3 is devoted to presents some 
new theorems related to neutrosophic cubic soft sets. Section 4 
presents conclusions and future scope of research. 


Preliminaries 


In this section, we recall some well-established definitions and 
properties which are related to the present study. 
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Definition 1: Neutrosophic set [1] 


Let U be the space of points with generic element in U denoted 
by u. A neutrosophic set A in U is defined as A={<u, t* (u), i*(u), f 
*(u)>:ueU}, where t*(u):U >] 0, 1*Li*(u):U >] 0, 1°L, and f 
4(u):U >]-0,1* Land Ost*(u)+i*(u) + f4(u) <3*. 

Definition 2: Interval value neutrosophic set [31] 


Let U be the space of points with generic element in U denoted 
by u. An interval neutrosophic set Ain U is characterized by truth- 
membership function t,, the indeterminacy function i, and falsity 
membership function f,. For each uE U, ta (u), ia (u), fa(u) S 
[0, 1] and A is defined as 


A={<u, [ta (u), ¢% (u)], Lia (u), ih (u)], [fa (u), fa (u)]:ueU}. 
Definition 3: Neutrosophic cubic set [32] 


Let U be the space of points with generic element in U denoted 
by u€U. A neutrosophic cubic set in U defined as N ={< u, A (u), 
i (u) >: u© U} in which A (u) is the interval valued neutrosophic 
set and A(u) is the neutrosophic set in U. A neutrosophic cubic set 
in U denoted by N= <A, A>. We use CN(U) as a notation which 
implies that collection of all neutrosophic cubic sets in U. 


Definition 4: Soft set [4] 


Let U be the initial universe set and E be the set of parameters. 
Then soft set Fx over U is defined by Fx ={< u, F (e)>:e € K, F 
(e) €P (U)} 

Where F: K—> P (U), P (U) is the power set of U and KC E. 
Definition 5: Neutrosophic cubic soft set [34] 

Asoft set F, is said to be neutrosophic cubic soft set iff F is the 
mapping from K to the set of all neutrosophic cubic sets in U (i.e., 
CN(U)). 

i.e. F: K—> CN(U), where K is any subset of parameter set E and 
U is the initial universe set. 


Neutrosophic cubic soft set is defined by 


Fiu= {u,< A(e,). Me,) >/we,¢ Ku eV} , 


Where, A(e)) is the interval valued neutrosophic soft set and X(e,) 
is the neutrosophic soft set. 

Definition: Internal neutrosophic cubic soft set 
(INCSS) 

A neutrosophic cubic soft set Fx is said to be INCSS if for all e, 
EKE 

Tac (UW) S$ Tice UW) S Tice (U) 


Facey (WU) SFicep (WU) S Face (U) , 
Face (WU) S Fie (U) S$ Fie (U) , for all UCU. 


Definition: External neutrosophic cubic soft set 
(ENCSS) 


A neutrosophic cubic soft set Fx is said to be ENCSS if for all e, 
EKE 


Trey (U) € (Tacep (U) Tare (U) 
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Tite) (u)¢ (Tice (u) Trey (u) : 
F QF se F ae), for all uEU. 


Some theorem related to these topics 
Theorem 1 


Let F, be a neutrosophic cubic soft set in U which is not an 
ENCSS. Then there exists at least one ee KCE for which there 
exists some ueU such that 


Tue (U) E(Tarep (CU) Tite (U) Ine (UE (Tarp (U) Tate (u) : 
Frey (U) € (Facey (UW) Facey (U) 

Proof 

From the definition of ENCSSs, we have 

Tree (U) €(Tacey (U) Tare (U) ; 

Ticey (UW) E Tare (UW) Facey (U) : 

F sg #F ug, OF 1c) , for all ucU, corresponding to each e, 
E€ KcE. 


But given that Fe is not an ENCSS, so at least one ee KCE. 
There exists some uc€U such that Tiey(W)E(Tacey(U) Tarp (U) , 
Titep (WU) E (Tice (U) Tap (U) + Fey (UW) E (Facey (u) Facey (U) B 

Hence the proof is complete. 

Theorem 2 

Let Fe={< u,F(e)>: e€ iy) K,F(e) € CN(U)} be a NCSS in 
U. If Fx is both an INCSS and ENCSS in U for allucU, 
corresponding to each e, € K, then, Tu)(ueU(Ta)OL(Tacy) , 
Tnep (CU) € U(Lacey) U Lacey) » Frey (W) CU (Face) UL (Facey) »where 
UT) ={ Tacep(u) su EU} » Leta) ={ Tarp (U) :u EU} , Uncen) 5 
{They (U) :u €U} , Lifes) ={ Tey (U) :u €U} , U(Faeg) = {Figg (u) u eU} , 
(Facey) = {Faep(u):u €U}. 

Proof 

Suppose Fx be both an INCSS and ENCSS corresponding to each 
e,€ K and for all ucU. We have Tie) (U)E(Taccy (U) Tae (U) , 
Tite (U) € Lacey (U) Lacey (U) ; Frey (WU) € (Facey (U) Facey (U) 


Again by definition of ENCSS corresponding to each e: €K and 
for all ucU, we have 


Trey (WU) E(Tacey (U) Tare (U) tice W) E Mave (Y) Tacep (U) , 

Fuicy (U) € (Facey (U) Facey (U) . 

Since —, is both an ENCSS and INCSS, so only possibility 
is that, ve T eT xe) Lig Lie) Dye) 
F ie = F ue)" F xe for all ueU. 

Hence proved. 

Definition 

Let ve and Gx, be two neutrosophic cubic soft sets in U and K,, 
K, be any two subsets of K. Then, we define the following: 
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1. Fy = Gx, ifk,=K,and F(e)=G(e)V a eK 
> A(c)=B(e)anda.(e)=4a(e.) VueU 


2. If Fy, and Gx, are two NCSSs then we define P- order as 


Fy Cp Gx, iff the following conditions are satisfied: 
i. K,CK,, and 
ii. F(e)c, G(e) forall e€K, iff 
A(e:) C B(e:) and ai (ce) G42(e:) Vue U corresponding to each 
e.€ K,, where, A(e) Ble) > Tap (U) S Tap (U) 
Thee (W) STi) (W)_Taigy(W) 2 Tien (W), 
They (U) 2 Toe (UW) Facey (UW) 2 Facey (U) 
Fitep (U) 2 Facey (u) for all ueU, and Trigey (US Tagg (W) , 
Tug) (4) 2 Tag, (WU) Facey (U)2 Fi.) (U) . 


3. If F, and Gx, are two neutrosophic cubic soft sets, then we 
define the R-orderas F, Cx Gx, iff the following conditions 
are satisfied: 

i. K,CK, and 

ii. F(e)<_ G(e) for alle, € K, iff A(e)c:Ble)anda, (e)2i(e) VueU 

corresponding to each e€ K,. 
Definition 
Let Gigs and Gx be two NCSSs in U and K,, K, be any two subsets 


of parameter set K. Then we define P- Simian as F,,Ur Gx,=H 
where K,< K, UK, 


H(e,)= F(e,), ife,e K,-K, 

= G(e), ife,e K,-K, 

=F(e) vr Ge), ifeeK, NK, 

Here F(e)={<u,A(e) ai(e) >:Vu EU} » 

G(e)={<u,Ble) aa(e) >:Vu €U} and 

Ale) ={< U,[Taceys Tatep} [Tens Tatepd [Facey » Facey] > Vu € UF, 

Ble) ={< U,[Ticeps Tatend [Toten Tien] [Fotep» Fatep] >, Vu € US, 
ule)={< u, Taagsy (U)> Lacey (UY) Faigy () >,VeeEKi,V uecU}’ 
Fe) vp G(e)={< u,rmax{A(e) B(e;)},rmax {A:(e) A2(e:)}, forallu eUande,eKiO K.}. 
Definition 

Let c and Gx, be two NCSSs in U and K,, K, be any two subsets 
of parameter set K. The P-intersection of Be and Gx, is denoted 
by FfeGe = Ni where K,=K,.°K, and Ny, defined as Nes = 
Fe)A Ge) e<K OK». 

Here, *(e,) Ar G(e,) = {< Usrmin{A(e) B(e,)},rmin{ii(e) 22(c)},forallu eUandeeki K:} , 
Definition: Compliment 

The compliment of F,, denoted by i is defined by 

Fx, (e) =F(e)={< u, A(e) (ec) > Vu €U,ceK}, 


Fe e)=Fe@)={<u 4, (WA u)>VueU.e€K } 
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Where, 


A‘ (u)={<u, [I-T,,(U) I= TW], trey (W) I Tice (U) [I= Facey (U) I Fiey (U) >, Vu EU}, 
u., (u) = {< u,1- Thep (u) 1- They (u) 1- Frey (u) >, Vue U} 


Some properties of P-union and P-intersection 


F,,UeGy,= Gy Ur Ey 


Fe Up Ge, = H,, Where K,=K, UK, 
A(e)=F(e).ife€K.-K, 

= Ge).if es K.-K, 
=F(e)veG(e) F e€KiOK: 


Here, 

F(e) ve G(e) =f u,rmax{A(u) BL (u)},rmax {rey (U) ray (UF >, Vu EU, VeeKiA Ka} 
Ge, UF, = Re , 

Ru=G(e) , ife,e K,-K, 


=F(¢), ife,< K,-K, 
= Ge)v Fle). feeK OK>- 
G(e) veF(e) ={< u,rmax{B, (u) A, (u)},rmax {ra (W) dup (U} >,Vu €U,VeeKiO K:} 
={< u,rmax{A | (u) B, (u)},rmax {au (U) Rag (UF >, Vu EU, VeeKiA Ko} 
=F(e)veG(e) . 
Hence the proof. 
Proof 2: 
8x3 FE Gx, 
= {<urminf{A, (u) BL, (w)},rmin fy (U) dup (U} >, Vu EU, VeeKin Ka} 


G,,OrF 


Ki ~ Qk, 


{<u,rmin{B, (u) AL (w)}rmin {ry (U) Aue (ut > Vu EU, VaeKin K:} 


f<uyrmin{A, (a) BL (w)} rmin {Aye (Us Ary (U))} >, Wu EU, Vee KO Ko} 
-F9,G,,. 
Hence the proof. 

Definition: R-union and R-intersection 

Let Pu and Gx, be two NCSSs over U. Then R-union is denoted 
as F, UrG,, = Nx; , where K,= K, U K,and Nx, . Then R-union 


is defined as 
x3 = N(e) =F(e), ife, € K,-K, 
=G(e) , ife,e K,—-K, 


= Fe)v.Ge)»feeK OK. 
Here F (¢,) vx G(e,) defined as 
Fev. Ge)=Kk wrmax{d, (WB, (w)}.rminty (A, } >VvueU, VeeK 1 K,} 
R-intersection is denoted as F,.1.G,,= J,, where K,€ K, 9 


K,.Then R-intersection is defined as: 
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ie, - Kk urmin{d, (w),B, (u)}rmaxt{) (Arve Hs >, vueU,Ve.e K,} 


Theorem 3 


Let U be the initial universe and |, J, L, S any four subsets of E, then 
for four corresponding neutrosophic cubic soft sets F,,G,,H,,T, 
the following properties hold 


y,. TF F.cG, and G,crH, ,thenF,c,H, 

Proof: #,.¢,6,>F(e)<G(e)VeeLlcI 

6, cr, > JcLandG(e)<H(e) Veied 
e€l>eeJ,sincelcJ 

G(e)<H(e) VEE! 

F(c.)<G(e)<H(e) 

=> Fe)<He), yee!cJcl 

> Ree; H, ' 

Hence the proof. 

ii. Fc G, then G,)°c,(F)° if1=J. 

Proof: Ifl|=J => |cJandJcl 

F,oG, => IcJand F(c)<G(e) (by definition) 
F(e)<G(e) — A(e)CB(e) anda:(e) €r2(e) for allu €U, 
Tigh T OT eS Te) Lie QO2L gig OT ue (2 L nie Mt” 
F ug (™ Fy, OF ue F wand 

Treo (U) S$ T, 6 (W) ' Tayep U)2 Te) Fayep W)2 F, 6) (UW) 
(F)°= {<u, AL) A. 
4 w={ul -T (ol — T’,whl- Logg O1-D gg OMO-F ug tO F gg (> YUeU}, 
Me (UW) H{<U IT, (UW) 1 fyep (U) 1 Fayep (u) > Vue U} 


And 
(G,)° = {<u, BE (u) 2 


(u) >: VueU,eel} where 


yg) (U) >VueU, eel}, where 

Bw=(<ul TT OM-Laig(O1-Ting QOMUF ig (Oo F ng (01> VUeU}, 
Ryo (W) ={<U,I=Ty (UW) LT (W) I= Fry (W) >, Vue U} 

Now, Taree (U) S$ Tay) W=> —Trey (UU) 2 - Tay W) 

Adding 1 both sides we get, !-T,,, (u)21-T,,,,, (u), 
Similarly, 1—T),,,, (u)21-T,,. (U) 1-1, (u) S1-[,,, (u) » 
1-T.g9(u)S1-E. (4), 1-Fyeg) (u) ele Fave) (u) , 

=F) yg) 1) S1=F (0) (1) 
And, 1-T,,.,,(W) 2 1-T,y.)(¥) 1-1, (U) S$ 1-1.) (W)- 

TF, (1) SIF 0) (2) 
&(2)=> G,)°or(F)® since Jcl. 

Hence the proof. 

Theorem 4 

Let F, be a NCSS over U, 

if F, isan INCSS then Fi is also an INCSS. 


If F, isan ENCSS then Ff, is also an ENCSS. 
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Proof 

i. <u,A,,(U) Avy (U) >:VueU, is an INCSS, 
Tate (UU) S$ Tar ep (UU) S Tice (U), 

Tacey) (u) <I, (e) (u)< Trtep (u), 
Fagp(U) $F gy (U)SFiep(u), Vue u, Veet 
Now, 1-T,..)(u)21-T,,,,.(W)21-Tiep (U), 
1-T,.9(4) S1-Inep (U)S1- Tp (U), 

1— Figen (U) S1- Fup W) S—- Fie (U) VUEUV eel 
=> F, isan INcss. 

ii. For FF, ,an ENCSS, then 

Tiep WE (Tare (U) Tae (U) 

Lacey (WU) € Tree (UW) Tice (W) : 


Fiyte (U) E (Facey (U) Facey (U) ,vueu,Veel, 
ANDO < Tic (U)STircy (USI, OS Tey (W)S They (WET, OS Figg (US Fic (USI: 
DT jypeST sig" T gre2T ue 


, 


Z jie DS Tier Tye T, vet) ; 


> 
=> F yeh SF ae F jie 2F ue Yue U, Vv e el 
=> 1-7, ,©21-Tig or 1-T jie DS'T ues 

> 


TAL, O21-Lige® 1-T, 51 Lue (9 


Ase) 
=> 1-F, @2-F gr l-F, OSI- Fig 

Thus, 

C-T, (QW) €A-Tacy(U) A-TaepQ) > U-Ly.@) € Une) Ute (u) 
and(1-F,,.,(u)) €(1-Fie)(u), (I-Fiep(u)) Vue, Veet Vue U,ve el. 
Hence f; is an ENCSS. 

Theorem 5 

Let F and G, be any two INCSSs then 

F,UrG, is an INCSS. 

F,o»G, is an INCSS. 


Proof 
Since F, and G, are INCSSs, so for F, we have 


Tate (u)STi, (ej) (u)< Trtep (u) j 

Tacep (CU) S Tyce (U) S Tac (U) 

Facey (WU) S$ Fay ep (U) S$ Fie (U), for all ue U, e,€ 1. 

Also for G, we have 

Tarep (UW) S$ Tra ep (U) S$ Tap (U), 

Tse) (U) Shae (U) ST (UW), 

Fae) (UW) S Fi (e) (U) S Fie (UW) , Vue UVandY ec J. 

Now, max{T,,.,(u), T ng) Sax Tce T inge 3ST QT nie 3 , 
MIT ye lOHT ng} SOT ig OT eg SOT ve (DT ng OO 


maxt Fr (0) Fy, imax (FF, i Smax FF) VUE U,¥ e€ lUJ 
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Now by the definition of P-union F, Ur G, is an INCSS. 

F ~G)=Hx, where Ke 1 J. 

ii. Now, fix =F(e) ,»G(e) and by definition, 

Fe) Gla) =KUsrmin{A.g\(¥) Buy (W)},rmin fiuay(t) dae (U)} >: UeU,@eK} 
Since G,and G, are INCSSs then we have for F, 
Tate (U) S$ Tiaiey (UW) S Tate (U) Taco (U) S Farce (W) S Teen (W) 
Faep(U)SPu(W SF) Yueu, Vee! 

And for G, , 

Tate (U) S Tia ey (U) S Tire (U) 

Tee (U) Shia ie (U) S Boe (W) , 


Fore) (WU) S Fir ey (U) S Foie (U) ,VvuUU,veed 
> MMT OT po BSMIMT OT rye 3SmiMT OT oO} 


MINT OT age BSPMT ag OrT rie SO} SIM ET 4g Y+T nue 
MINE > Fag OSM F 0 (OF sgn F yg (OF ne! 7 @ eK, 
Hence Hx is an INCSS. 


Theorem 6 
Let F, and G, be any two INCSSs over U having the conditions: 


max {0 Tag }Smin(D 5 (0O-T ig} 

maxt 00s etd} Smin{T (OT aj,}and 

max (FOF, ismin{ FOF 03} Vee lod, Vue U. 
Then R-union of F, and G, is also INCSS. 

Proof 

Since F, and G, are INCSSs in U. 

So for F, , we have 

Tate (U) S Dace (U) S Tae (U) acy (U) STi U) STA (UU) ; 
Facey (U) SF ey (UW) S Facey (U), Vue u, V ec |. 

Also for G, we have 

Tae) (U) S$ Tip ey (U) S Tae (U), 

Tae (4) SI (ep (U)S Tice) (U) , 

Facey (WU) S$ Farce (U) S Fey (U), V ue u, vee 

From F, and G, we get 

min {T 6 T ie SMT 46 (T ye} 

mi T QOL ig OFS MAT, OL igg (3 and 


min F , >F aig} Fy, (0s Fig! We, € K. 
Also given that max {7 , T.,}SmiM{T OT ce}, 
maxt To OT nye (0) SmI TT igo} and 
max (Fy, (0). Fag Oismin Fs F..0) Weel od, Yue U. 
Now, F,urG,=H, whereK=IUJ and 
H, =F(e), ife,e LH. 
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=G(e) , ife,e IH. 

= Fev ,Ge).ife<los. 

Her F(¢)v.G(e) defined as 

FeV, Ce) ={ usr max{A, (u),B, (w)}.rmaxt) (WA, (WI VueU.Ve elo J} , 


Since F and G, are INCSSs so from the given condition and 
definition of INCSS we can write, 


max {4 (u),B, w}<min (Ay, Aa, 0} Smax {4 ).B >}, Ye el nJ,yueu. 
. . . " ‘ I 
Ife,¢1-Jore eJ-1| then, the result is trivial. 


Thus F,UrG, is an INCSS. 
Theorem 7 


Let F, and G, be any two INCSSs over U satisfying the 
condition: rmin{ 47). BLO} rmax{ (Ay O},V eElNd, Vue U. 


Then F, x G, is an INCSS. 

Proof 

Since F, and G, are INCSSs in U, 

we have, [ie (UW) < Tay cep (U)S Licey (UW) » Facey (W) STi ep (W) S Tice (UW) 
and Facey (U)SFaey (WU) SFacy(U), Vue U, Vee lL. 

Also for G, we have, Tare) (U) S$ Tre; (U) S$ Tie (UW), 

Tate) (U) STi ie) (U) STs.) (U) and 

Fire (UW) SFr ip (W)S Fag (u)» VUEYUV 2 € J. 

=> min 4 ).B W}<max tA (Ax), also F,.a,G,=71,, where K 
=InJand F.arG, =F(e)a.G(e), fee 19 J, then F(e) a.G(e) 
defined as 

F(e) anG(e) = {<usrmin{A , (u) B,(u)}.rmax fay (U) Ary (U)}, VU EU, Vee K }, 
Given condition that "min 4), Bo (@}2 rmaxtZ Ay, }, 

VY e,eloJ,y ue U. Thus from given condition and definition 


of INCSSs 
rmin{ 4 (u), Bows rmaxt] (w),A,,(w} <rmint 4° (w), B° (u)} 


Hence F,AxG, is an INCSS. 

Theorem 8 

Let F, and G, be any two ENCSSs then 
F, Ur G) is an ENCSS. 

FG, is an ENCSS. 

Proof 

Since F, and are ENCSSs, we have 

Dyce T ae OT ug) Tipe # Te FL aes) 
Finey (UW) € (Facey (U) Fip(u) » VUE U, Vee l 
ANd 0 <The (W)STigy (USI, 0 Slice (U) STi W)S1, 0 S Fag (U) SFicey (WS. 
> T jiehOST ie T gig Tig 


> Lge SL gg" Lye? Live 
rs 


> F ye SF ye F ge? ve, Vue U,V e€ I. 
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> maxi JOA} etmaxt A), Bmax 4 0B}, yee LAS,V we U. 
Now by definition of P-union, F,U»G,=Hx, where K=IUJ, 

Fix =F), ifyeel-J. 

= Ge), ifVe,eJ-I. 

=F(c) vr G(e), if V eel nd. 

Here F(e)v»G(e) defined as 

F(e)v» G(e)={< u,rmax{A, (u) B, (u)},rmax {r4,(U) day(u)},forallu eUandeela J} 
Thus F,UrG, isa ENCSSs if Vee 10J. 

Fore <¢1-Jore ¢J-| these results are trivial. 

Hence the proof. 

ii. Since F, and G, are ENCSSs, then 

Due gL vg, Lire # Lue OL ve, 

Fg M(Fag OF a, TUEU, Vee J 

And 05 Taw (W)STign(W)S1, 0<ty WSK (U)S1 aNd 0 SF.) (USF) (U)S1. 
D> Type MST nie T ase*T ng) 

D> Le T ne? Dae? T ne, 

> Fj 69S Fe? F ae? F ne, VUE U,Ve€ | 

For G, , we have 

Tirep (WU) (Tae (U) Tiep (U)), 

Tae) (UW) E (Tove (U) Tie (U) > 

Frriey) (U) 4 (Fa) (u) Five) (U)), Yue, Veel 


a nd 0 STixe (U) s Tarep (UW) <l , 0 < Tae) (u)s Tivep(U) <l , 0 SFavep (u) SFicey(u) <1 


> T jeeST ne T pce2T ne, 

PD Lue ST Lae? ne, 

D> Fy SFi0 F,..M2Fi,., VUE, ve, €! 

DP min’) 6D Aye) etmin( 4, Be cormini 4. Boo, Vee lAS Vue U 


Now, by definition of P- intersection F, 4,6,=fi,, where K=IOJ, 
we have 


F.vrG, = Fle)~ Ge), feelin) 

Here F(c)v-G(e) defined as 

F(e) a G(e)={< u,rmin{A, (u) B, (u)},rmin far) (U) Aa (u)},Vu EU, Vaeln J}. 
Thus F ,G, is an ENCSS. 

Theorem 9 


Let F, and G, be any two INCSSs in U such that 


mint) ,.A2 (u)} smax{ 4 ,(W),B (Vel Ve,e/ and Vu eU, then F | ),G , is anENCSS. 


ve 
Proof: 

Since F, and G,are INCSSs in U. 

we have, Tate (U) S$ Tue (U) S Tice (U), 

Trey (W) S ty ey (W) S Tien (U), 

Facey (U) SFr iey (U)S Facey (u), Vue U,V @€ | 
and Tae) (UW) S Tia cep (W) S They (UW), 

Tice) (WU) S Taz cep (U) S Tee (U), 
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Facey (UW) S Fro igy (WU) SFigy (WU), Vue U, Vee J. 
Since, FiUz G,=Hx, where K=IUJ 
fix =F(c), ifVe,e1-J. 
=G(e), if V ee)-1. 
= Fie)yv Ge), f VeeIoJ. 
Here F(e,)veG(e,) defined as 
F(e) ve G(e)={< urmax{A, (u) BL (u)}.rmtin fan (U) Ang (uh >, Vu EU, Weel J} 
Given condition is min{Z,,, (w).A.,@}Smaxt 4,0). BL (w). Ve,el.We,eJ and ¥ueU. 
> mintY OA, (} e(maxt 4, (w). Be} .maxt 45), Be} 
Hence F,UrG, is an ENCSS. 
Definition 
Let = F(e)={<u,Ac(U) Avep(u) >:VuEU, Ve el} and 


Gi= G(e)={<u, Buy (U) Ax) (U) >: VueU, Ve EJ} are two 
NCSSs in U. We defined new NCSSs by interchanging the 
neutrosophic part of the two NCSSs. We denoted its by 
F,,G, and defined by —,={<u, A(e) a2(e) > VueU,eel}, 
Gi={<u, Be) u(e) >: VueU,e J} respectively. 


Theorem 10 

F, and G, are ENCSSs and F, and G, are INCSSs in U. Then 
F,UpG; is an INCSS in U. 

Proof 

Since F,= {<U,AG)(U) Aue (WU) >: VUEU, Ve El} and 
Gi ={<u, Bp (U) Ax) (UU) >: Vue U, Ve: EJ} are ENCSSs, 
we have 

For F, 

Trey (UW) E(Tacep(U) Tren (U) , 

Tacep (WU) E(Tacey (UW) Facey (U) 

Fartep (UW) (Facey (U) Faey(U) , Vue u, Vee! 

For G, 

Tire (U) ¢ (Tare (U) Tie (U)), 

Fisiey (U) ¢ (Facey (U) Facey (U) , 

Fre) (U) (Foie (U) Fae) , Vue U, Vee b. 

and F,= {<u,Ag(U) Ax(u) >:VueU, Ve el} and 

Gs ={<U, Bey (U) Ap (u) >: VueU, Ve eS} 


are INCSSs, then 
Taren (WU) S Tir (ep (U) S Tice (U) , 


Tace;) (u) < Lave (u) < Trcep (u) ‘ 

Facey (UW) S Fro ce) (U) S Facey (U) , Vueu, 
and Tare (UW) STi ce (U)S Tap (U), 
Tice (U) S Tse (U) S Tiey (WU) 


Face) (UW) S Faye (U) S Fire (U) »Vueu, Vee J. By the 


eel. 


6 This article is available in: http://www.imedpub.com/global-journal-of-research-and-review/archive.php 
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definition of ENCSSs and INCSSs all the possibility are as under: 
i(a). Te ST tie ST rie (OST ine > 
Tey (U) S Tap (UW) Slo ep (W) ST (U), 
Face) (U) S Fatep (U)SFiatey (U) SFaip(u), Vue U, Vee I. 
i(b). Taacep(U) S Tacep(U) STi cep W)STaep (U), 
Tiocey (U) S Tovey (UW) Sy ey (U) S Tse (U) 
Fracey(U) S Facey (U) S$ Farcey (U) S Foie (WU), V ue u, V ee | 
l(a). Tare (W) S Tracey (W) ST aeep (W) ST ayiep (W) 
Tatep (HW) S$ Lyte (H) STi U) SIyyren (UW) 
Fite (UW) S Faye (UW) S Facey (WS Fin (U) Ve el, Vu €U. 
ii(b). Tatep (UW) S Tice (UW) ST ive (W)S Tr ie (UW) 
Toe) (u) S<Iy (ei) (u)< Tae) (u)SI., (e}) (u) ; 
Facey (U) S Facey (UW) S$ Fore (WU) S Fray (U) , Vee |, Yue U 
iii(a). Tr ce) (u) < Tava (u)ST,, (ej) (u)s Tate (u) 
Taiep (UW) S Tree (UW) Saye (WU) Sey (UW) 
Faye (WU) S Facey (U) S$ Fra cep (U) S Facey (U) , V e,elandVueU 
iii(b). Tacep (UW) S Tar ce (UW) S Tae (U) S$ Tra ce (UW) 
Ta (ej) (u) <b, (e) (u)< Tace;) (u)<1, on (u) 
Face) (U) S Fire (U) S Five (WU) S Fra ce (U) VeelVueu, 
iv(a). Tacp(U) S Trzep W)STacy (UW) STiyep(U) , 
Tacep (U) S$ Iayiep (U) ST (UW) S Tyce UW) ; 
Facey (W) S Frycep (UW) S$ Ficey (UW) SFiiey (U), Ver € 1, Vu EU. 
iv(b). Tia gp () S Tite (W) ST rie (W) ST ice (WV), 
Laie (u)< Tate) (u)SI, (ep) (u)< Tove (u), 
Fine (W) S Fore) (U) S Farce (WU) S Foie (UU), Vue U, V ec | 
Since p-union of F,U»sG,=H,, where C=IUJ. 
F,Ur Gi =F(e) ife,e1-J 
=G(e),ifeeJ-1, 
=F(e)y Ge), if eel. 
Here F(e,)v»G(e) defined as 
F(e)ve G(e) ={< u,rmax{A,, (u) B, (u)},rmax fixq)(U) dag(U)},Vu eUand Veeln J}, 
Case 1 


If A. =F(e), ife,e1—J, then from i(a)., and ii(a). We have 


© Under License of Creative Commons Attribution 3.0 License 
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Ture) (U) = Tare (U) 
Ta tep(U)= Lacey (W) » Furey (W) = Facep(U) AND Try (6) (U) = Tare (U) , 
Tice (U) = Tey (¥) , Fartep U)= Face (U) , Ve, Land V ue U. 
Thus 
Tatey W)STarcep(W)STa(U) Tate (UW) ST cep (W) STaiep (UW) 
Facey (WU) S Fis ie) (U) S Facey (U) 
veelVue U. 
Case 2 
H, =e€J-I, if e.€J—I then from i(b) and ii(b). , we have 
Tra ep (WU) = Tap (U) , 
Tea ep (U) = Tote (U) + Fea cep (U) = Foren (U) and 
Trote(U)= Tire (UW) » bac W)= Treo (U) 
Fiz ce (U) = Facey (U) , V ee JV ue U. Thus 
Tacep (WU) S Tis cep (U) S Torey (U) ; Taep (U) Shia ep (UU) Sep (UW) , 
Facey (WU) S$ Fiz ce) (U) SF (U) > 
Veels-lyueu. 
Case 3 
H. =F(e)v Ge) if e,<10J, then from i(a) and i(b)., we have 
Pacey (U) STartep (WU) S Thee (UW) , Tate (U) STi ce) (U) ST (U) , 
Facey (U) S Fae (U) SFarey(U) VV @, € J, VW ue U and 
Tie) (WU) S Traep (U) S Tire (W) ; Tie (W) S Tare (WU) S$ Ticep (U) ; 
Facey (UW) S Fiacey (WU) S Fivep (U) 
VeeL,yvueu 
Hence, ife,e 19 J, then 
max {A.,(U) Ba (U)} Suey (WU) V Arey (U)) Smax {Az(U) Bs (U)} 
in all the three cases. 


F, Ur G, is an INCSS in U. 
Conclusion 


In this paper we have defined some operations such as P-union, 
P-intersection, R-union, R-intersection for neutrosophic cubic 
soft sets. We have also defined some operation of INCSSs and 
ENCSSs. We have proved some theorems on INCSSs and ENCSSs. 
We have discussed various approaches INCSSs and ENCSSs. We 
hope that proposed theorems and operations will be helpful to 
multi attribute group decision making problems in neutrosophic 
cubic soft set environment. 
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